The United States experienced a considerable increase in oil and natural gas extraction in recent years due to technological advancements including horizontal drilling and hydraulic fracturing. Increased energy development likely creates both benefits and costs, but the net effects for local residents are not well understood. This paper examines effects of conventional and horizontal oil and natural gas drilling in Texas on subjective assessments of life-satisfaction and bad mental health days for nearby residents. Horizontal drilling has statistically significant deleterious effects on well-being, but the effects are driven by the Dallas-Fort Worth (DFW) metropolitan area, an area with both very high levels of horizontal drilling and a large urban population.
Introduction
Implementation of horizontal drilling and hydraulic fracturing technologies has led to a resurgence in oil and natural gas production in the United States (Weinstein 2014) . 1 This has increased development activity in energy rich states, including Texas (Brown 2014) . As of 2014, Texas dominated all other states in oil and gas production, ranking first for both oil and natural gas produced. Texas is also the top state in terms of proved oil reserves, largely from shale and tight oil formations, which require hydraulic fracturing technology for extraction (EIA Texas 2014) . In addition, Texas contributed 29 percent of U.S. natural gas production, again largely from shale resources EIA Texas 2014) . The increase in production is matched by an increase in wells drilled. In 2005, Texas oil and natural gas producers drilled approximately 12,000 wells; this increased to approximately 17,000 in 2008. 2 While there was a decline after 2008, drilling rebounded quickly; see Figure 1 (Texas RRC 2015) .
In this paper, we examine the role of oil and gas development on subjective well-being (SWB) across Texas. Previous literature has examined the local economic impacts of oil and gas development, with mixed results (Kinnaman 2011; Muehlenbachs et al. 2015; Munasib and Rickman 2015; Paredes et al. 2015; Weber 2012 Weber , 2014 . Rather than focusing on the potential for local spillovers from increased employment and income in the energy sector, this paper examines the effects on individuals' SWB. There is potential for positive impacts due to increased income both within the energy sector and in supporting sectors from increased oil and gas development activity. However, there are also potential negative impacts due to increased road noise and 1 Horizontal drilling and hydraulic fracturing technologies have existed for decades. The combined use of these technologies led to the "shale revolution", which started in the Barnett Shale in Texas in 1998 and spread across the U.S. in the mid-2000s (Fitzgerald 2013) . Throughout this paper, the term horizontal drilling refers to the combined use of these technologies. 2 Wells drilled include oil and natural gas wells and dry holes. congestion, earthquakes, and potential environmental impacts including noise, air, and water pollution from drilling, chemical injections, and wastewater disposal (Ellsworth 2013; Fry et al. 2015 ; Keranen et al. 2014; Wang et al. 2014) . 3 In order to determine whether oil and gas drilling is having a net positive or negative effect, we examine the effects of county level oil and gas drilling activity on individual subjective well-being measures from 2005 through 2010, a period of heightened oil and gas development in Texas.
Texas has long been a major oil and gas producer in the United States. Hydraulic fracturing technology has allowed it to access once economically infeasible resources, both oil and natural gas. This has substantially increased proved reserves and led to significant development, particularly in the Eagle Ford and Barnett Shale Plays and the Permian Basin areas of Texas (EIA Texas 2014) . Due to the nature of the technology, hydraulically fractured (horizontal) wells require a larger footprint during the drilling process for the storage of water used in the fracturing process. This may increase road noise and congestion. In addition, environmental concerns particularly regarding water quality are centered on hydraulically fractured rather than conventional wells (Fitzgerald 2013) . In this analysis, we consider separately the effects of conventional and horizontally drilled wells in order to determine if there are differential impacts from the two types of drilling. We also examine separate sub-samples of geographic areas within Texas, an important consideration given that both population and drilling are unequally dispersed across the state.
Previous researchers have shown differences in SWB across areas of the U.S. Wu 2010, 2011; Sander 2011; Glaeser et al. 2016; Winters and Li 2016) . Oswald and Wu (2010) show that state SWB differentials correlate with hedonic quality of life rankings. Other researchers have examined effects of various environmental factors. For example, reductions in air pollution, increases in green space, ecosystem preservation, and other environmental improvements have been found to increase SWB (Abdallah et al. 2008; Ambrey and Fleming 2014; Brereton et al. 2008; Cuñado and Pérez de Gracia, 2013; Moro et al. 2008; Smyth et al. 2008; Vemuri and Costanza 2006; Welsch 2006) . Researchers have also examined SWB relationships with individual characteristics such as income, employment status, education, marital status, presence of children, age, sex, race, and ethnicity (Clark and Oswald 1994; Winkelmann and Winkelmann 1998; Gardner and Oswald 2007; Oswald and Wu 2011; MacKerron 2012) . In general, SWB exhibits expected relationships with income and employment, at least cross-sectionally. 4
However, we are unaware of any previous research that has examined potential effects of oil and gas drilling on SWB for nearby residents. We attempt to fill this important gap in the research literature. Our main SWB measure is based on individuals' subjective assessments of their own life-satisfaction, but we also examine effects on the self-reported number of bad mental health days in the past month.
Previewing results, we find that horizontal drilling has statistically significant deleterious effects on subjective well-being for our full sample for both SWB measures that we consider.
However, the adverse effects are concentrated in the Dallas-Fort Worth (DFW) metropolitan area, and no statistically significant adverse effect of drilling is found outside of DFW. DFW is a 4 Easterlin (1974) and others have suggested that increases in average incomes do not always translate into increased happiness. This paradoxical result may occur because economic growth raises expected incomes, causing individuals to need higher actual incomes to obtain a given level of happiness (Easterlin 1995; Easterlin 2001) . Individual happiness may also be affected by one's financial success relative to peers, so that rising incomes for all do not increase happiness. However, the "Easterlin Paradox" is still quite controversial with dissenting conclusions reached by some other scholars (Veenhoven and Hagerty 2006; Sacks, Stevenson, and Wolfers 2010; Diener, Tay, and Oishi 2013) . Easterlin (2016) emphasizes that while short run economic growth increases SWB, it is long run growth that is unrelated to SWB. very unique metropolitan area that contains both very high levels of horizontal drilling and a large urban population. The DFW metropolitan area has more than six million people and sits atop the Barnett Shale, the oldest and most developed shale play in the U.S., making it "ground zero" for urban shale development (Fry et al. 2015) . Consistent with our results, the DFW area has experienced intense opposition from residents to urban shale development, leading to numerous drilling ordinances including a hydraulic fracturing ban adopted by Denton, TX in November 2014. The Denton ban was later repealed after state legislation prevented Texas localities from banning fracking, but opposition to urban drilling continues (Fry et al. 2015) .
Oil and gas drilling creates both costs and benefits. The benefits accrue to mineral owners and workers in energy and related industries, while the costs largely accrue to local residents.
Mineral owners are typically not local residents in Texas (Fry et al. 2015) or other states (Brown et al. 2015) . While some local residents are employed in local energy extraction and related industries, the share is relatively small in large industrially diverse metropolitan areas like DFW.
The net effects of drilling on well-being in Texas depend on location. Net effects are not statistically different from zero outside of DFW. However, for the average DFW resident, the costs of drilling in the DFW area exceed the benefits and reduce their subjective well-being.
Materials and Methods
The data for this study come from two sources, the Texas Railroad Commission (RRC) and the Behavioral Risk Factor Surveillance System (BRFSS) from 2005 through 2010. The RRC database includes information on every oil and natural gas well drilling permit issued in Texas since 1976 (Texas RRC 2015) . 5 This includes the spud date, i.e., the date in which the drilling process began. 6 The potential disturbance from oil and gas development occurs primarily during the drilling process and for this reason all observations with a spud date in the relevant periods are included in the analysis. The data were aggregated to the county-month level in order to construct measures of oil and natural gas drilling activity; conventional and horizontal wells were examined separately. 7
The 2005-2010 BRFSS asked about self-reported SWB and includes county identifiers for respondents living in 153 of Texas' 254 counties; small counties are unidentifiable to preserve confidentiality. We estimate variants of the following linear regression equation for individual in county in month-year : Summary statistics for the main variables in our study are reported in Table 2 for the subsamples that we consider.
Results
9 The large number of fixed effects make ordered probit and logit estimation less desirable due to difficulties achieving convergence; linear models are common in the SWB literature, in part because of ease in estimation and interpretation. 10 Alphabetically, the top five counties are Denton, Johnson, Parker, Tarrant, and Wise.
Our main results are reported in Table 3 . Column 1 reports results using self-reported life satisfaction as the dependent variable, and column 2 examines the number of bad mental health days. Note that coefficient interpretation is in the opposite direction for our two outcomes. The inconsistent sex differences between the two dependent variables should not be surprising given that they are similar but distinct measures. Their raw correlation for the full sample is -0.347. Drilling appears to affect life satisfaction and bad mental health days in unique ways that differ by sex. More important, however, is that both the life satisfaction and bad mental health days measures exhibit adverse effects from horizontal drilling in the DFW MSA.
Conclusion
This paper examines the distinct effects of conventional and horizontal oil and gas drilling in Texas counties on subjective self-assessments of life-satisfaction and bad mental health days for nearby residents. Horizontal drilling has negative effects on self-reported well-being measures, but the effects are driven by high levels of horizontal drilling in the Dallas-Fort Worth MSA.
Adverse effects on life satisfaction are experienced exclusively by women, but adverse effects on bad mental health days are experienced by both sexes with potentially larger effects for men.
Horizontal drilling involves new techniques that have opened up large shale reserves that were previously unattainable. This has greatly increased U.S. energy production and reduced American dependence on foreign energy sources. Rising energy supply has also contributed to decreased prices for consumers. There are certainly benefits to horizontal drilling both in areas where the energy is produced and consumed. However, there are certainly costs as well. External costs related to congestion, pollution, and unsightliness are likely to be disproportionately born by residents living in proximity to where the horizontal drilling is done. We show that local residents in the DFW MSA are on net made worse off by horizontal drilling. Several communities, including Denton, Texas, that are impacted by high levels of horizontal drilling have attempted to restrict its use and despite their failure to do so, local residents remain concerned (Malewitz 2015) . While falling natural gas prices have reduced drilling and eased the conflict for now, in the future, both policy makers and producers will have to consider ways to mitigate local urban impacts in order to continue to develop these resources.
The adverse effects of horizontal drilling are generally not found outside of the DFW MSA.
Impacts in areas with lower rates of horizontal drilling and in more sparsely populated areas of Texas appear less problematic and may even be net beneficial to local residents. The DFW MSA, however, experienced especially high horizontal drilling levels in highly populous urban areas.
For the average DFW resident, the costs of horizontal drilling exceeded the benefits and reduced their subjective well-being. Table 1 and dummies for county and month-year. *Significant at 10% level; **Significant at 5% level; ***Significant at 1% level. Table 1 and dummies for county and month-year. *Significant at 10% level; ***Significant at 1% level. 0.00004 -0.00011*** 0.00388*** 0.00145*** (0.00006) (0.00003) (0.00071) (0.00036) Notes: standard errors in parentheses are clustered by county. Regressions include controls for individual characteristics listed in Table 1 and dummies for county and month-year. **Significant at 5% level; ***Significant at 1% level.
